luto
'P

m Exploration Paradigm: -
and a Look-at'the Next 50"

Jim Green, Kristen Erickson, Stephen Edberg
e NASA, Planetary Science
October 25, 2012 =

Solar System Exploration @50 Conference




Anlinteqgrs -.;,, diStrat 2gYV, Th e Revo | u t i O n i n

fordthe

2lanetlanviSciences:

Planetary Science

SPACE STUDIES BOARD
MNATIOMAL RESEARCH COUNCIL

. (

VOYAGES

v For Planetary Science in the Decade 2013-2022 -
\ NATIONALRE"SFARCIH'COU!I\I’CH : | Q




r_

)

“ Flyby, Orbit, Land, Rove, and iRieturn Samples”
| { NASA's

Planetary Science

“Advance scientific knowledge of the origin and
history of the solar system, the potential for life
Elsewhem and the hazards and resources
present as humans explore space




Year of the Solar System
Planetary Science Mission Events @

http://solarsystem.nasa.gov




Mercury Venus Earth's Mars
Moon Phobos Deimos
Fl‘,’hj‘ Mariner 10 Mariner 2, 5, 10 Luna 1, 3 Mariner 4 Mariner 3 Mariner 9
MESSENGER Venera 11-14 Fioneer 4 Mariner 6, 7 Viking Orbiter 1 & 2 Viking Orbiter 1 & 2
Galileo Zond 3, [5),6, 7,8 Mars 4 Phobos 2 Mars Global Surveyor
# Cassini Apollo 13 Mars Observer Mars Global Surveyor | Mars Express
l MESSENGER Hiten [Rosetta) Mars Express Mars Recon Orbiter
Akatsuki Mars Recon Orbiter
Orbit MESSENGER Venera 9, 10, 15, 16 Luna 10-12, 14, 19, 22 Mariner 9
Pioneer 12 [PV 1) Lunar Orbiter 1-5 Mars 2, 5
Magellan Apollo 8, 10, 11, 12, 14, 15, 16, 17 Viking 1, 2
Venus Express Clementine Phobos 2
2 Akatsuki (2016)* Lunar Prospector Mars Global Surveyor
_— SMART-1 Mars Odyssey

Venus Climate (FS)

Hiten, SELENE (Kaguya)+Okina & Ouna
Chang'e 1 & Chang'e 2
Chandrayaan 1

LRO, GRAIL, LADEE*

Mars Express
Mars Reconnaisance Orbiter

MAVEN*

Lander Venera 3 (crash landing) Ranger 7, 8,9 Mars 2 (crash landing)
Venera 7-10, (11, 12}, 13, 14 Luma 2,9, 13 Mars 3 (no useful data)
?’ Pioneer 13 [PV 2; 1 entry survivor) Surveyorl, 3, 4,5 Viking 1, 2
— VeGa1l,2 LCROSS Geophysical Mars Pathfinder
H Phoeni i
Venus In-situ (NF) Network (NF) |™*"™ InSight
Rover Apollo 11, 12, 14 [legs) Sojaurner
4 Apollo 15, 16, 17 (wheels) MER Spirit,
L Lunakhod 1, 2 {Luna 17, 21) MER Opportunity
MSL Curiosity™

Return Samples

S

Apollo 11, 12, 14, 15, 16, 17
Luna 16, 20, 24

SPA — SR (NF)




Earth’s Moon

Flyby Orbit Lander Rover Return Samples
Luna 1, 3 Luna 10-12, 14, 19, 22 Ranger 7, 8, 9 Apollo 11, 12, 14 (legs) Apollo 11, 12, 14, 15, 16, 17
Pioneer 4 Lunar Orbiter 1-5 Luna 2, 9,13 Apollo 15, 16, 17 {wheels) Luna 16, 20, 24

Zond 3(,5),6,7,.8 Apollo 8, 10, 11, 12, 14, 15, 16, 14 Surveyor 1, 3,4, 5 Lunakhod 1, 2 {Luna 17, 21)
Apollo 13 Hiten LCROSS

Hiten (Hagoromao) Apollo - ALSEP 11, 12, 14, 15, 16, 17
Clementine

Lunar Prospector

SMART-1

SELENE [Kaguya}+Okina & Ouna
Chang'e 1

Chandrayaan 1

P Geophy.Network (NF) SPA — SR (NF)
Chang'e 2
GRAIL
LADEE*




Time Since Earth Formation (Ga)
15 1.0 0.5

HpelOmye—

Impact Rate (relative to today)

T2~ 80 my. —

L+

Late Heavy Planetary
Bambardment  Accretion

'j-.'425"|,3i||i-(3)h Years ’ : “Late Heavy Bombardment”
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Earth’s Moon




Earth’s Moon

Near side

L s

 New Frontiers future missions:
— South Pole Aiken Basin Sample Return

— Geophysical Network Lander




Lunar
Gravity

GRAIL after
1 month
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Flyby

Orbit

Lander

Rover

Return Samples

Mariner 4
Mariner 6, T
Mars 4

Mars Observer
(Rosetta)

Mariner 9

Mars 2, 5

Viking 1, 2

Phobos 2

Mars Global Surveyor
Mars Odyssey

Mars Express

Mars Reconnaisance Orbiter

MAVEN*"

Mars 2 [crash landing)
Mars 3 (no useful data)
Viking 1, 2

Mars Pathfinder
Phoenix

InSight*

Sojourner

MER Spirit,

MER Opportunity
MSL Curiosity
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Curiosity’s Landing Site: Gale Crater
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Comets

Flyby ~  |Orbit ~ Jlander =~ [Rover _ |ReturnSamples |

ICE (ISEE-3) Deep Impact
VeGa 1, 2 Philae (2014)*
Sakigake

Suisei

Giotto

Deep Space 1

Stardust

Stardust - NeXT

Deep Impact

Deep Impact - EPOXI

(Galileo)

(Ulysses)




Comets

Next Year — Comet ISON!

Flyby ~  |Orbit ~ Jlander =~ [Rover _ |ReturnSamples |

ICE (ISEE-3) Deep Impact
VeGa 1, 2 Philae (2014)*
Sakigake

Suisei

Giotto

Deep Space 1

Stardust

Stardust - NeXT

Deep Impact

Deep Impact - EPOXI

(Galileo)

(Ulysses)




L.

9P/Tempel 1
7.6 X 4.9 km

1P/Halley - 16 X 8 X 8 km Deep Impact, 2005
Vega 2,1986

- ) |
‘m’?‘ p - S
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19P/Borrelly 103P/Hartley 2 81P/Wild 2

8 X 4 km 2.2x0.5km 55%x4.0x3.3km
Deep Space 1,2001 Deep Impact, 2010 Stardust, 2004
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Comet Hartley 2




Near-Earth Objects

Flypy ~ [Orbit ~  Jlander = |Rover __________|Return Samples

MEAR Shoemaker MEAR Shoemaker MEAR Shoemaker

Rosetta Hayabusa

Galileo Dawn *
(Cassini)

Deep Space 1

Rosetta
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Dactyl
[(243) Ida ]

1.6% 1.2 km
Galileo, 1993

243 |da-58.8 x 25.4x 18.6 km
Galileo, 1993

» B

9969 Braille 5535 Annefrank 2867 Steins

21x1x1km 66x50x34km 59x4.0km
Deep Space 1,1999 Stardust, 2002 Rosetta, 2008

-~

/

25143 ltokawa
433 Eros-33x 13 km 0.5%0.3x 0.2 km

NEAR, 2000 Hayabusa, 2005

103P/Hartley 2

2.2x 0.5 km
Deep Impact/EPOXI, 2010

21 Lutetia- 132 x 101 x 76 km

253 Mathilde - 66 x 48 x 44 km 951 Gaspra - 18.2 x 10.5 x 8.9 km Rosetta, 2010
NEAR, 1997 Galileo, 1991




Vesta and Ceres Size
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Vesta k‘!/

Calfornia\

Texas | -
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Earth’s moon




Dawn Observations of Vesta
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e Next 50 years of solar system missions will occur in the green

* Interdisciplinary approaches —we’ve come full circle
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o0 YEARS

Questions?

solar system exploration







